in any emergency. All three workers wear rubber gloves, and, in addition, a respirator is put on before handling the apparatus in the fume cupboard. At the end of the process the apparatus is contaminated with traces of D.F.P. and the distillation flask itself contains a high boiling oily residue which may contain an appreciable amount of D.F.P. which has failed to distil over. For this reason, all the equipment used in the third stage must be treated with alkali in order to decompose any residual D.F.P. This is done by placing all the apparatus in a large vessel containing sodium carbonate solution for at least 48 hours before washing with water and drying.
History of Exposure Di-isopropylfluorophosphonate was manufactured using these precautions during the week beginning Monday, November 9, 1953 . When the preparation was completed on Friday, November 13, all the apparatus which had been used was placed in a large pan containing aqueous sodium carbonate solution and left during the weekend. The oily residue from the distillation sank to the bottom of the aqueous solution, and amounted to some 250 g.
On Monday, November 16, the sodium carbonate solution was syphoned out of the pan and replaced by water. This wash was repeated with another change of water. The apparatus was then removed to be washed and dried. No hand protection was used in this work. Certain pieces of apparatus were immersed in the oily layer at the bottom of the pan, and the workers' hands had to enter the oil in order to recover these components. Two men were engaged in this task, one March, 1948 . There was nothing relevant in his previous medical history. At his pre-placement medical examination his visual acuity was found to be R V 6/24 J 5, L V 6/6 J 1. No other abnormalities were noted.
He complained of dim vision, difficulty in focusing on near objects, and a tendency for his eyes to water. On examination his pupils were seen to be very small and they did not react to light or accommodation.
He was given a tepid alkaline bath and rested in the Surgery. At 2.30 p.m. he felt quite well, but still had miosis. He was sent home by car. During the evening he noticed some pain behind the eyes. Between midday on November 16 and the morning of November 17 he had three bowel motions, which was unusually frequent.
After breakfast on November 17 he experienced nausea, his vision remained dim, and accommodation for near objects was lacking. There were no respiratory symptoms. When he was seen on November 17, the pupils were small and fixed. The finger-nose test was carried out inaccurately while his eyes were open, but improved in performance if he shut his eyes. The tendon jerks were brisk and equal. A blood sample was taken for cholinesterase determination.
He was given an intravenous injection of atropine, gr. 1/30, at midday. At 2.15 p.m. the pupils were dilated, and gave a small response to light. His mouth felt very dry, but by 3.30 p.m. moisture returned in his mouth. About this time he found that his stream of urine slowed and stopped during micturition, so that he had to make an effort to start again. By 6 p.m. this last symptom disappeared, and at the same time his vision suddenly became dim again.
On November 18 he had nausea after breakfast. His vision was dim, but he had infrequent periods of brightening during the day, and during these periods he could focus clearly on near objects. During the afternoon he felt very depressed for about three hours, and he was afraid that his vision would never become normal. At 9.45 p.m. his vision suddenly became brighter.
On November 19 his vision remained bright except for short periods when the dimming returned. On examination the pupils were less contracted, but the right pupil was a little larger than the left. The finger-nose test was quite normal.
On November 23 his vision was almost normal. The pupils were still unequal but reacted to light. He had the impression that his recovery had occurred in sudden steps rather than in a continuous and gradual way.
Three months later his pupils remained unequal in size, but his visual acuity was the same as that recorded at his pre-placement examination. When he reported to the Surgery on November 17 the pupils were contracted and gave no reflex reaction to light or accommodation. He was given a tepid alkaline bath. A sample of blood was taken for cholinesterase estimation.
On November 19 his vision was almost normal, but he noticed that it was slow in adapting for brighter levels of illumination. His pupils were no longer contracted, and pupillary reflex reactions were normal. Discussion Although there are obvious risks connected with the manufacture of D.F.P., no case of poisoning had occurred in this firm until the incident described here.
In this instance, the source of D.F.P. was an oily residue from the final distillation in the process, which lay at the bottom of a large pan under an aqueous layer of sodium carbonate solution. Various components of the apparatus which had been immersed in the oily residue were handled while being cleaned by the men who became affected.
It seems certain that the men's hands must have become contaminated with the D.F.P.-containing residue, and a certain amount must have been absorbed through the skin, thus causing a fall in the cholinesterase of the plasma. Di-isopropylfluorophosphonate, however, is a selective inhibitor of pseudo-cholinesterase (Hawkins and Mendel, 1947) which constitutes 99% of the cholinesterase content of human plasma (Mendel, Mundell, and Rudney, 1943) and it has been found that almost complete inhibition of the cholinesterase activity of human plasma can be produced with D.F.P. without causing serious distress (Bodansky, 1945; Mazur and Bodansky, 1946 ).
In the cases described here, two-thirds and a half of the plasma cholinesterase activity was lost, but these deficits are unlikely to be associated with systemic effects of acetylcholine poisoning. On the other hand, both men suffered alimentary symptoms as well as pupillary changes, and although the latter might be explained by assuming accidental introduction of D.F.P. to the eyes by hand or vapour, neither of these workers would be likely to put their hands to their mouths so producing direct contamination of the alimentary tract.
